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Climate Variability, Hydrology, and Flooding  

Monitoring Climate Variability 
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Objective 

To discuss i) climate variability associated with 
ocean-atmosphere interactions, ii) standardized 
climate indices, and iii) access to climate variability 
information 
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Outline 

▪  Climate Variability 
 
▪  El Nino and La Nina / Southern Oscillation 
 
▪  NOAA Climate Variability Indices and Access (With Live 

Demo) 
 
▪  International Research Institute (IRI) Climate Data Portal 

(With Live Demo) 
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Climate Variability 



Review: Climate Variability 
 
  

❑  Climate is defined as the statistical 
mean of weather or ‘instantaneous’ 
conditions 

 
❑  Climate Variability is generally observed 

as ‘large scale spatial patterns’  
changing with ‘low temporal 
frequency’ (persisting anomalies – or 
departure from time-mean conditions) 

 
❑  At any location daily weather conditions 

and weekly to intraseasonal  (40-50 
days) variations in circulations and 
hydrologic conditions result due to 
contributions from: 

 
      - Climate Change  
      - Climate variability on various 
         time-scale 
        

Multi-timescale 
Climate Variability 



Climate Variability 
 
  

Climate Variability can be due to any one or a  
combination of these factors: 
 
❑        Sea Surface Temperature Variability 
 
❑        Atmospheric Variability 
 
❑        Atmosphere Tele-connection  
 

It is important to know the climate 
conditions (factors above) to understand 
and predict how they affect regional and 
local conditions on daily to seasonal time 
scales 



Major Climate Variability Phenomena Affecting South America 
on inter-annual to Decadal Scales  

 
  

Reference: Past Climate Variability in South America and Surrounding Regions 
From the Last Glacial Maximum to the Holocene 
Editors: Vimeux, Francoise, Sylvestre, Florence, Khodri, Myriam (Eds.) 
http://www.springer.com/us/book/9789048126712 

El Niño – Southern Oscillation (ENSO) 
 
Pacific Decadal Oscillation  (PDO) 
 
Antarctic Oscillation (AAO) 
 
Tropical Atlantic Sea Surface Temperature 
 
 

Focus of this 
training 
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El Niño, La Niña, and Southern 
Oscillation (ENSO) 



            El Niño, La Niña and the Southern Oscillation  
 
  ▪  "ENSO" or the El Niño/Southern 

Oscillation, is the cycle of warming 
(El Niño) and cooling (La Niña) 
events that take place over 
roughly 2-7 year intervals over 
the equatorial Pacific Ocean and 
the atmosphere above it.  

 
▪  SO: is defined as sea level 

pressure change between Tahiti 
and Darwin 

 
▪  This year-to-year or multi-year 

variability in oceanic and 
atmospheric conditions has far-
reaching impacts, called 
"teleconnections", on seasonal 
precipitation and temperature 
patterns in many areas of the 
globe.  

Weak east 
to west 
circulation  

Intensified  
east to west 
circulation  
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NOAA Climate Variability Indices 
and Access  



Climate Variability Indices 
 
  

NOAA Provides Climate Variability Indices 
http://www.esrl.noaa.gov/psd/data/climateindices/list/ 

  

Climate conditions are represented by specific indices derived from sea 
Surface temperature (e.g. El Nino and La Nina), sea level pressure (e.g. 
Southern Oscillation), and other variables (such as precipitation, 
momentum) 



ENSO Indices 
http://www.esrl.noaa.gov/psd/data/climateindices/list/ 

  

Niño 3   Eastern Tropical Pacific SSTA (5°N-5°S,150°W-90°W) 
 
Niño 1+2  Extreme Eastern Tropical Pacific SSTA (0°-10°S, 
90°W-80°W) 
 
Niño 4   Central Tropical Pacific SSTA (5°N-5°S) (160°E-150°W)  
 
Niño 3.4  East Central Tropical Pacific SSTA (5°N-5°S)
(170°-120°W) 
 
SOI    Southern Oscillation Index (Sea Level Pressure 
Difference 

         
  Tahiti-Darwin) 

 
MEI    Multivariate ENSO Index (MEI)  (Bimonthly Time 
series) 

   Based on the six observed variables over the tropical Pacific. These six variables 
are: sea-level pressure    (P), zonal (U) and meridional (V) components of the surface wind, sea 
surface temperature (S), surface    air temperature (A), and total cloudiness fraction of the 
sky (C).  (http://www.esrl.noaa.gov/psd/enso/mei/) 

   .  
 

Indices 

SSTA is  Sea Surface Temperature Anomalies  



NOAA  Climate Indices 
 
  

http://www.esrl.noaa.gov/psd/data/climateindices/list/ 
  

NOAA provides: 
 
▪  Monthly values of 

the Climate 
Indices from 1948 
to present 

 
▪  Monthly and 

seasonal time 
series plots of 
user-selected 
Climate Indices for 
selected years 

Climate Indices 



NOAA Climate Indices 
  http://www.esrl.noaa.gov/psd/data/climateindices/ 

 

Plotting and Analysis of Monthly Climate Indices  
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Live Demo of 
 NOAA Climate Indices Portal 
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International Research Institute (IRI) Climate 
Data Portal 
        

Courtesy: 
Pietro Ceccato  
The International Research Institute for 
Climate and Society   
 
 



IRI Climate Map Room 
http://iridl.ldeo.columbia.edu/maproom/index.html?Set-Language=es 

 

▪  Access to Current Climate Maps and Forecast: Global 
and Regional 

 
▪  Regional Information on Health, Fire, Food Security 
 
▪  Access to Climate Data Library (More Advanced  

   Training with Programming Required) 



IRI Climate Map Room 
http://iridl.ldeo.columbia.edu/maproom/index.html?Set-Language=es 

 

Available in Multiple languages 



IRI Climate Data Library 
http://iridl.ldeo.columbia.edu/ 

 

Also Available in Multiple languages 



The IRI Data Library is a… 

•  Data repository 
–  >400 datasets covering all 

aspects of climate-related 
characteristics 

 

•  Data analysis tool 
–  Arithmetic operations →  
EOF analysis 

•  Data visualization tool 
–  Time series, maps, cross-sections 

 

•  Data download resource 
–  Free access to text, binary, GIS-

compatible, etc. data files 

http://
iridl.ldeo.columbia.edu 



Structure of Datasets 
-Primary Organization 
      -Dataset 

 -Dataset 
      -Variables 
 -Dataset 
      -Variables 

      -Dataset 
  -

Variables 
 
-Primary Organization 

 . 
 . 
 . 
 . 

 

 
Exam

ple 

-NASA 
      -ERBE (Earth Radiation Budget Experiment) 

 -Datasets by instrument 
       -Variables 

      -GES-DAAC (Distributed Active Archive Center) 
 - 

      -GISS 
 -LeGrande_Schmidt2006 (authors) 

      -GPCP (Global Precip Climatology Project) 
 -Datasets by version 
       -Datasets by instrument 
  -Variables 
 . 
 . 
 . 
 . 









· Air-Sea Interface    
· Atmosphere 
· Climate Indices   
· Cloud Characteristics and Radiation Budget 
· Fisheries 
· Forecasts 
· Historical Model Simulations 
· Hydrology 
· Ice 
· Oceanography 
· Topographic and Land Characteristics 
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Options for Map Room Visualization  
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Options for Data Download Formats 
Example: SST Anomaly 
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Live Demo of 
 IRI Climate Data Library 

and Map Room 
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Next: 
 
Hands-on Activity to  
 

1) Learn to Access Climatology and ENSO 
Variability Information using IRI Map 
Room  


